This instrument accomplishes monochromatic imaging by introducing diffracting crystals near the image plane of the microscope. 1 The arrangement is shown in Fig. 66 . 6 . The microscope optic is a distance d from the source of x-ray emission (target). If a crystal is placed in front of the image plane at a mean angle of θ, the emission within a region ∆x and at a wavelength λ will be diffracted, where ∆ ∆ x d = ⋅ θ and ∆θ is the rocking curve width of the diffracting crystal. The mean wavelength is given by the Bragg equation nλ = 2d sin θ, where n is the diffraction order and d is the crystal plane spacing. The combination of KB-optic distance (~200 mm) and mosaic crystal rocking-curve width (~0.2°) makes this technique applicable to laser-fusion plasmas (since in this case ∆x ~ 700 µm). The range of energies in the diffracted image is ∆E = E cotθ • ∆ θ. An additional consequence of using the diffracting crystal is a degradation in image quality. This is quantified by considering rays in the microscope near the image plane. The crystal acts as a reradiator, taking an input ray and diffracting it into a spread of angles ∆θ that result in a spread of positions ∆ ′ x at the image plane. Scaling this to the target plane ( ∆  ∆  x x M = ′ , where M is the magnification) and
where ∆z is the separation between the crystal and the detector, gives an image smearing of ∆ ∆ ∆ s z M = ⋅ θ . This quantity can be minimized for a given ∆θ by working at large magnification and by working at small crystal-image plane separations (hence the choice of crystal location). An example of resultant smearing for ∆θ ~ 0.2, ∆z = 2 cm, and M = 13.6 (appropriate to the current design) is ∆s 5 µm, which is of the order of the best resolution of the KB optics. 1 The arrangement of framing cameras and crystal monochromators that has been adopted for the GMXI is shown in Fig. 66 .7.
In order to effectively use this technique to obtain gated monochromatic x-ray images of laser-fusion targets, the microscope, monochromator, and framing cameras have been individually calibrated and then tested as an integrated system. Figure 66 .8 shows the measured resolution of the microscope versus distance from best focus for an individual image. The resolution is seen to approach the ideal resolution calculated by ray tracing. The microscope reflectivity was measured also with a dc x-ray source using the method described in Dhez et al. 2 Both the Au-coated and Ir-coated optics have been characterized ( Fig. 66.9 ). Both coatings were produced by ion-assisted deposition and final substrate roughness measured to be Շ4 to 5 Å rms. 3 The spot size (full width) versus position from best focus was determined from a backlit image of a Cu-mesh using a dc x-ray source. The solid line is the predicted spot size determined from ray tracing. 1 experiments. Monochromatic images were taken of Ti Kα emission with a LiF crystal and with a highly oriented pyrolytic graphite (HOPG) crystal (2d = 6.708 Å, θ B = 24.20°). As expected, some image degradation resulted. Nevertheless, good quality images were obtained with both crystals.
In a separate set of measurements with the same x-ray source, the diffraction response of LiF and HOPG (rocking curves) was measured by impinging a narrow beam (∆θ < 0.01°) on the crystal. The e-beam-generated x-ray source and KB-microscope-imaged, diffracted x-ray spectra. Only the Ti Kα line is diffracted by the LiF crystal.
LiF and HOPG both at the Ti Kα line energy. The full-width at half-maximum (FWHM) and peak reflectivities R p were found to be FWHM = 0.20°, R p = 0.14 for LiF, and FWHM = 0.55°, R p = 0.28 for HOPG. The narrower angular response of the LiF crystal yields a higher resultant resolution (~8 µm) but can be seen to limit the field of view (~700 µm) in the plane of crystal diffraction (horizontal axis). Conversely, the HOPG crystal yields a lower spatial resolution (~12 µm) but benefits from a larger field of view (~1400 µm). Both of these tests were performed at an image magnification of 9.3, and the resultant image smearing could be further reduced by operating at higher magnification. Ti He-like Ly α line taken with a LiF crystal (2.610 Å = 4.750 keV, θ B = 40.41°). (In this experiment the magnification was 12.9 and the crystal-image plane separation was 2 cm.) Good resolution was obtained (~10 µm) despite some misalignment of the KB microscope from its optimum focusing position.
Framed images are obtained with a pair of custom modules (developed at LANL), consisting of a pair of 25-mm-diam microchannel plates (MCP's) with proximity-focused fiberoptic faceplates coated with P11 phosphor (Fig. 66.14) . Light from the phosphor is recorded by Kodak TMAX film loaded into film packs that press the film against the fiber-optic faceplate. Details of the electronics are described by Oertel et al. 5 The current modules have a sensitive frame time of ~80 ps, and the frames on each module are separated by 350 ps (53-mm spatial separation). Each module can be independently gated, providing for flexibility in the type of measurements obtained.
The monochromators consist of a combined crystal turret and detector turret. A geared mechanism drives the detector turret at twice the angle of the crystal turret. A pair of steppermotor-driven rotary stages drive the turret assemblies. Each turret assembly can be set at a separate angle, allowing two wavelengths to be imaged if desired. The rotary stage angles were calibrated at the Ti Kα energy with both LiF and HOPG crystals by placing a proportional counter at the position of the framing modules on the detector turret. The positions were referenced to the rotary-stage position encoders to an accuracy of 0.01°. The current rotary-stage assemblies can be set to diffraction angles of up to θ B ~ 65°. The requirement that the diffracted image be away from the direct line of site places a practical lower limit of θ B ~ 15°. The resulting wavelength range that can be accessed by the GMXI is 1.74 to 6.08 Å (2.04 to 7.12 keV) for HOPG and 1.04 to 3.65 Å (3.40 to 11.92 keV) for LiF. [The practical upper limit is further restricted by the mirror reflectivity to ~7 keV (1.8 Å).] These two crystal types are seen to be appropriate to the energy range of the microscope (~2 to 8 keV). The energy band of the diffracted images depends on the crystal angle and type. The LiF crystal provides a narrow band that varies from ~15 eV at 3.4 keV to ~50 eV at 7 keV. The HOPG crystals yield a band of ~10 eV at 2 keV to ~250 eV at 7 keV. Elements whose principal emission lines fall in this range include Si, P, S, Cl, Ar, K, Ca, Sc, Ti, V, Cr, Mn, and Fe. The strength of the emission, its size, and location make it unquestionably Cl (He-α). The presence and amount of Cl emission in the core can serve as a diagnostic of mixing. 7 In conclusion, we have deployed a new diagnostic on the OMEGA target chamber. It is capable of simultaneously space-, time-, and spectrally resolving x-ray emission from laser targets. The project is a collaborative effort between the University of Rochester's Laboratory for Laser Energetics and the Los Alamos National Laboratory. This imaging system will be important in diagnosing shell and core size, density, and mixing in ICF experiments conducted on the OMEGA laser system.
